The variation of arc characteristics with respect to its profile under Arϩ2%CO 2 , Arϩ18%CO 2 and argon gas shielding and the stability of gas shielding with variation in pulse parameters have been studied by video-graphy of arc environment during P-GMA weld deposition using mild steel filler wire. The effect of pulse parameters has been studied by considering their hypothetically proposed summarized influence defined by a dimensionless factor, fϭ[(I b /I p )ft b ], mean current and arc voltage. The measured root diameter, projected diameter and length have been measured and correlated to the P-GMA welding parameters under different gas shielding. It has been observed that the arc characteristics with respect to its shape and spreading over the weld significantly vary with f, mean current and arc voltage giving due consideration to the shielding environment. The use of Arϩ2%CO 2 gas shielding appreciably reduces the D R but enhances the D P and L with respect to that observed under Arϩ18%CO 2 and argon gas shielding.
Introduction
The use of pulsed current gas metal arc welding (P-GMAW) has been found superior to the conventional continuous current gas metal arc welding (GMAW) process for welding of ferrous and non ferrous material with respect to thermal behavior, [1] [2] [3] [4] residual stresses 2, 3) and mechanical and metallurgical properties of weld joint. [4] [5] [6] [7] [8] [9] [10] But it is often pointed out that the quality of P-GMA weld very much depends upon arc characteristics [11] [12] [13] [14] [15] affecting the energy distribution in welding dictated by the pulse parameters and shielding environment. However, the thermal behaviour of weld depending upon arc characteristics significantly influences the chemistry, microstructure and stresses of the weld. [2] [3] [4] [5] The difficulties in right selection of pulse parameters to control all these phenomena often restricts the wide application of this process in weld fabrication of different materials due to paucity of detail knowledge of the arc characteristics in P-GMAW process. The control of arc characteristics by appropriate selection of pulse parameters in P-GMAW process is quite critical due to simultaneous influence of relatively large number of parameters on each other during welding. 16, 17) It involves the pulse parameters as mean current (I m ), pulse current (I p ), base current (I b ), pulse time (t p ), base time (t b ) and pulse frequency ( f ) as well as arc voltage (V). However, the difficulties in controlling the pulse parameters with respect to appropriate operation of P-GMAW process have been well addressed by considering a summarized influence of pulse parameters defined by a hypothetical factor fϭ[(I b /I p )ft b ] derived from the energy balance concept [1] [2] [3] [4] [5] 9, 11, 12, [18] [19] [20] where, t b ϭ[(1/f)Ϫ t p ]. It may be considered that the use of P-GMAW by right selection of pulse parameters confirming the desired f can provide intended quality in weld fabrication. According to the expression of f it may be understood that any value of f can be obtained by infinite combinations of I p , I b , f and t b but, every combination of pulse parameter may not give enough stability of arc to run the welding process smoothly. The issue of selection of appropriate range of pulse parameters for a given f has been reported elsewhere. 1, 4, 6, 8, 9) However, at a given mean current, arc voltage and welding speed any pulse parameters giving rise to nearly same f with acceptable arc stability for practically smooth welding produces almost similar characteristics of weld deposition irrespective of the type of P-GMA welding power sources used. 1, 6, 9) It primarily happens because the factor f as a function of the basic parameters of pulsed current can significantly influence the plasma physics and magnetic forces affecting the characteristics of arc and metal transfer of P-GMAW.
In view of the above an effort has been made to study the effect of f at various pulse parameters and arc voltage on the characteristics in P-GMAW process with the help of video-grapy of arc environment during bead on plate weld deposition of mild steel filler wire. The characteristics of arc have been studied by its root diameter (D R ), projected diameter (D P ) and length (L). All these aspects of P-GMAW of mild steel are measured and correlated to the f, I m and arc voltage at different gas shielding. The study pro-
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vides a basic understanding to analyze the mechanism of variation in arc characteristics with respect to variation in P-GMA welding parameters under different shielding environment which, may be beneficial in using P-GMAW to produce desired weld quality and also may form a basis of improved automation of this process.
Experimental

Welding
Studies on arc characteristics were carried out by bead on plate weld deposition on 10 mm thick mild steel plate by P-GMAW process using direct current electrode positive (DCEP). The weld deposition was made by employing 1.2 mm diameter mild steel filler wire of specification AWS/SFA 5.18ER-70S-6 at electrode extension of 15 mm. Welding was carried out at different parameters by using Arϩ2%CO 2 , Arϩ18%CO 2 and commercial pure argon as shielding gas at a flow rate of 18 L/min. Some typical values of measured arc voltage and mean current (I m ) at wide variation of pulse parameters giving varied f under different shielding environments and welding power sources considered in this work are presented in Table 1 . In order to compare the arc characteristics under different shielding environments the studies were carried out by keeping the welding parameters practically similar with respect to the wire feed speed, mean current, pulse parameters and arc voltage. The pulse parameters, such as I p , I b , t p and f were measured with the help of a transient recorder (maximum resolution of 1 MHz) fitted with the electrical circuit of the welding set up. The arc voltage (V) and the I m were estimated as mean values of the voltage and current plots respectively of the pulse behaviour captured by the transient recorder as typically shown in Figs. 1(a) and 1(b) respectively. The arc characteristics under Arϩ2%CO 2 and Arϩ18%CO 2 gas shielding was thoroughly studied by video graphy with the help of a high speed camera operated at a speed 10 4 frames per second. The camera was placed on a rigid fixture in front of the arc along the line of welding and viewed through a lens filter grade-5 with normal shield glass of welding mask. However, for a comparative study of academic interest, the arc characteristics were also studied under pure argon gas shielding giving relatively more stable arc through video-graphy by using an automatic camera shooting at an interval of 0.33 s. The observations on the captured photographs were analysed with respect to the P-GMA welding parameters under different shielding gases.
Measuring of Arc Characteristics
The nature of variation in characteristics of arc with respect to its profile and stability in arc shielding with the change in pulse parameters of P-GMAW have been randomly studied on the video graphs of welding arc environment at any pulse parameter. The arc profile defined by its root diameter (D R ), projected diameter (D P ) and length (L), as schematically shown in Figs. 2(a) and 2(b), was suitably measured at 60-80 locations by computerized scaling technique applied on the relevant photographs taken at each welding parameter and the data was statistically analyzed. The measurement was carried out in reference to the known diameter of filler wire in case of both the CO 2 mixtures of argon gas shielding and in reference to the diameter of the gas nozzle due to non-visibility of the filler wire under ex-cessive arc glare in case of argon gas shielding as shown in Figs. 3(a) and 3(b) respectively.
Results and Discussion
The arc characteristics, primarily defined as arc profile and stability in shielding of arc environment affecting the quality of weld are largely dictated by the pulse parameters and the type of shielding gas of P-GMAW process. The nature of arc defined by its D R , D P and L largely denotes the degree of constriction and stiffness of arc influencing the weld quality. However, the arc characteristics of P-GMAW process under any shielding gas are generally considered in two primary phases of relatively strong and weak arc of the pulse on and pulse off periods respectively as typically shown in Figs. 4(a) and 4(b) respectively. Although the arc profile observed in video-graphs may not be a true profile of the arc due to its over estimation in measurement under the cover of glare of plasmatic part of shielding gas around it, but its nature of response to welding parameters is a matter of great interest to understand its influence on weld quality.
Arc Profile
Arc profiles of pulse on and pulse off period under different composition of gas shielding were studied with respect to the factor f, mean current (I m ) and arc voltage. Under the Arϩ2%CO 2 gas shielding the analysis of the photographs was carried out by classifying the I m into four different ranges at the arc voltage of the order of 24Ϯ1 V. However, in case of Arϩ18%CO 2 gas shielding they were analyzed into two different ranges of I m at three different levels of arc voltages. The photographs of arc profile under argon gas shielding were also analyzed by classifying the I m into three different ranges at the arc voltage of the order of 24Ϯ1 V. The total scheme of welding parameters considered for analyzing the captured video-graphs under different gas shielding as stated above is mentioned in Table 2 .
Under Arϩ2%CO 2 Gas Shielding
During pulse on period (t p ) at a given arc voltage of 24Ϯ1 V the typical change in characteristics of arc with respect to its shape and size at different mean currents (I m ) of about 160Ϯ2, 204Ϯ1 and 232Ϯ2 A under varying f within 0.07 to 0.23 using Arϩ2%CO 2 gas shielding has been shown in the photographs presented in Figs. 5(a)-5(i) . The photographs reveal that at a given close range of arc voltage and f the increase of I m from 160 to 230 A and at a close shows that at a given arc voltage the D R , D P and L enhances significantly with the increase of f irrespective of variation in I m at relatively low and high levels in the range of order of 160 to 230 A. However, the figure also shows that at a given f and arc voltage the increase of I m reduces the D R and L but, enhances the D P appreciably. This is in agreement to an earlier study on aluminium alloy and stainless steel, 11, 12) which shows that at a given arc voltage the increase of f enhances the D R , D P and L and at a given f and arc voltage the increase of I m reduces the D R and L but, enhances the D P . Therefore, it can be inferred that the arc characteristics with respect to its shape and spreading over the weld can be significantly controlled up to certain extent by varying f and I m following the empirical correlation as given below.
The Eq. (3) resolves that during welding under the given conditions of relatively low and higher value of f (Table 1) of 0.07 and 0.23 respectively the arc extinguishes (Lϭ0) at the I m of 456 and 517 A respectively when the arc voltage is kept as 24Ϯ1 V. It may primarily happen due to high wire feed rate when it burns off or touches the job without allowing enough time to transfer droplet from the electrode. Such a logical agreement of the Eq. (3) with the physical implications to a great extent justifies their use for control of arc characteristics in specific application of P-GMAW of mild steel. However, the appropriate selection of I m within its range of stable welding process shall depend upon other criterion primarily related to the thermal behaviour of the weld. 1, 2, 4) During the pulse off period (t b ) of base current generally there exists no appreciable geometry of arc in between the electrode to base material. However, depending upon the magnitude of I b , t b and arc voltage an arc of recognisable geometry may exist in pulse off period. In that case knowledge about its profile at different pulse parameters may be further useful to understand the thermal efficiency of P-GMAW process. Under Arϩ2%CO 2 gas shielding at a given arc voltage and I m of 24Ϯ1 V and 232Ϯ2 A respectively an arc of appreciable geometry has been found to exit in pulse off period having I b and f lying in the range of 60-140 A and 0.07-0.23 respectively as shown in Figs.
7(a)-7(c).
The typical nature of arc characteristics depicted in Fig. 7 reveal that the arc stability considered by its non deflected intense white appearance, is comparatively better at relatively higher f of the order of 0.23 in comparison to that observed at lower f of 0.07. This is also in agreement to an earlier study on aluminium alloy, 11) which shows that at a given arc voltage the arc stability, considered by its non deflected intense white appearance, is comparatively better at relatively higher f of the order of 0.25. But, in contrast to the observations on mild steel and aluminium alloy, a comparatively better arc stability with insignificant deflection appears to exist at relatively lower f of the order of 0.06 12) in case of stainless steel. The phenomenon of arc deflection may be to a great extent understood by arc stiffness in terms of arc pressure as a function of arc profile and nature of metal transfer. These aspects are thoroughly analysed in the paper reported as part-2 of this work. 21) 
Under Arϩ18%CO 2 Gas Shielding
During pulse on period (t p ) at a given arc voltage and I m of 24Ϯ1 V and 229Ϯ2 A respectively the typical change in characteristics of arc in reference to its shape and size with varying f from 0.06 to 0.35 has been shown in the photographs presented in Figs. 8(a)-8(c) . Similarly at a given f and I m of 0.35 and 229Ϯ2 A respectively the typical change in same characteristics of arc with the increase of arc voltage from about 24 to 33 V has been depicted in the photographs presented in Figs. 9(a)-9(c) . At the relatively lower f and I m of 0.19 and 179Ϯ0.5 A respectively the effect of similar variation of arc voltage on the arc characteristics as defined above has also been studied as typically shown in Figs. 10(a)-10(c) . The photographs presented in Figs. 8-10 also reveal that the arc voltage, I m and f significantly influences the arc characteristics as explained earlier. However, the intensity of the influence of parameters on arc characteristics, as observed in case of the effect of f, has been found ( Fig. 8) relatively different from that noted in case of Arϩ2%CO 2 gas shielding (Fig. 5 ). This may have primarily occurred due to difference in thermal conductivity of shielding gases which produce a variation in arc shape. [22] [23] [24] [25] At a given arc voltage and I m of 24Ϯ1 V and 229Ϯ2 A respectively the effect of f on D R , D P and L has been shown in Figs. 11(a)-11(c) respectively. In agreement to the earlier observations (Fig. 6) here also it is observed that at a given mean current and arc voltage the D R , D P and L enhances significantly with the increase of f in the range of 0.06 to 0.35. However, after having more number of data points of f in the range of 0.06-0.1 (Figs. 11(a)-11(c) At comparatively lower and higher values of f than 0.1 the D R , D P and L enhances at higher and lower rates respectively. However, this aspect of criticality of f which may play a crucial role in governing the arc characteristics as D R , D P and L can accordingly dictate the weld characteristics significantly with a change in pulse parameters. In this context it may be noted that these observations are in agreement to an earlier study on P-GMA welding of aluminium alloy, 4, 8, 9) showing that the factor f significantly affects the thermal behaviour, geometry and properties of weld by maintaining a criticality of its different rates of influence at its lower and higher values than about 0.1. However, it should be studied further in detail to establish the critical point more precisely. In view of earlier observations as lowering of D R and L with the increase of I m at a given f and arc voltage in case of Arϩ2%CO 2 gas shielding a higher I m has been used to study the arc characteristics under the Arϩ18%CO 2 gas shielding, which may be more effective to maintain weld quality. However, in the line of the discussions given above the arc characteristics under the Arϩ18%CO 2 gas shielding are also expected to show a good correlation as a function of f and I m , which may be studied further. Under the due objective of the work this part of the study has been avoided to have simplicity in current context.
At relatively lower and higher values of the combination of I m and f and respectively of 179Ϯ0.5 A and 0.19 and 229Ϯ2 A and 0.35 the effect of arc voltage on the D R , D P and L has been shown in Figs. 12(a)-12(c) respectively. The Fig. 12(a) shows that under given condition of welding D R decreases significantly with the increase of arc voltage and at a given arc voltage especially at higher one it reduces more prominently with the increase of I m and f. This may have primarily happened because at a given mean current and f the increase of arc voltage enhances the arc pressure and tends to constrict the arc root consequently strengthening the magnetic field at it. 22, 23) At different I m and f the empirical correlation of D R with the arc voltage has been worked out as follows. The Fig. 12(c) shows that at the relatively lower and higher I m and f as stated above the increase of arc voltage enhances the arc length (L). This may have primarily happened because the arc length is proportional to arc voltage, where a longer arc at higher arc voltage consumes more energy under a given mean current. [23] [24] [25] [26] [27] [28] However, at a given arc voltage the increase of I m and f relatively reduces the L following the empirical correlations as given below. The above Eqs. (14) and (15) shows that under the given condition of welding the arc extinguishes (Lϭ0) at about 13 and 14 V under the relatively lower and higher I m and f respectively of 179Ϯ0.5 A and 0.19 and 229Ϯ2 A and 0.35 respectively. The minimum arc voltage required for arc stability largely depends also upon type of power source and the welding current. In consideration of the minimum arc voltage required as 21-22 V for arc stability under Arϩ 18%CO 2 gas shielding using 1.2 mm diameter mild steel filler wire, 27 ) the outcome of the Eqs. (14) and (15) for L with respect to arc voltage broadly satisfies the prescribed general requirement of P-GMAW of mild steel.
At the given f and I m of 0.35 and 229Ϯ2 A and 0.19 and 179Ϯ0.5 A respectively under Arϩ18%CO 2 gas shielding the typical variation of arc characteristics in pulse off period (t b ) with a change of arc voltage to about 24, 30 and 33 V has been shown in the photographs presented in Figs.  13(a)-13(f) . The Fig. 13 reveals that arc stability considered by its non deflected intense white appearance, is comparatively better at relatively higher combination of f, I m and arc voltage of 0.35, 229Ϯ2 A and 33 V respectively. This aspect in terms of arc stiffness has been discussed further in part-2 of presentation of this work. 21) 
Under Argon Gas Shielding
During the pulse on period (t p ) at a given arc voltage of 24Ϯ1 V under argon gas shielding the typical change in arc characteristics with respect to its shape and size at different mean currents (I m ) of about 159Ϯ1, 201Ϯ1 and 231Ϯ2 A under varying f from 0.07 to 0.23 has been shown in the photographs appropriately presented in Figs. 14(a)-14(i) . In the line of earlier observations (Fig. 5 ) of Arϩ2%CO 2 gas shielding, here also it appears that the change in I m and f significantly influences the arc characteristics of pulse on period. But, a comparison of the Fig. 5 and Fig. 14 depicts that the argon gas shielding produces comparatively more uniform and stable arc profile than that of the Arϩ2%CO 2 gas shielding environment. This may be primarily attributed in agreement to the well known fact of higher heat flow associated with the Ar gas mixtures containing significant amount of CO 2 primarily due to its comparatively higher thermal conductivity of 0.847 W m Ϫ1 K Ϫ1 as compared to that of argon as 0.625 W m Ϫ1 K
Ϫ1
. 23, 26, 27) A relatively low thermally conductive argon gas shielding may have a comparatively hotter inner zone than that of its peripheral zone 23) which perhaps makes the difference in response of arc characteristics to the welding parameters from the other gas shielding as stated above.
At a given arc voltage of the order of 24Ϯ1 V the influence of f on the D R , D P and L has been shown in Figs. (1)- (3) and (16)- (18) for the shielding environments of Arϩ2%CO 2 and argon respectively has been confirmed by comparing the estimated values with their measured one. The observation on such a comparison has been typically shown in Figs.  16(a)-16(c) for the D R , D P and L respectively in reference to the empirical Eqs. (16)- (18) respectively. The figure shows that the estimated and the measured values of the D R , D P and L are well in agreement to each other by maintaining a coefficient of correlation of 0.98-0.99.
In agreement to earlier observations (Eq. (3)) of Arϩ 2%CO 2 gas shielding, here also the Eq. (18) resolves that during welding under the given conditions of relatively low and higher f (Table 1) (3) and (18) shows that the intensity of current level increased by using argon gas shielding environment because of its comparatively lower ionisation potential. 27, 28) This infers that the use of pure argon produces a more stable arc profile and lesser spatter than that of using the argon as 2 % and 18 % CO 2 gas mixture. However, in spite of the agreed trend of the equations they may be further modified by minimizing scattering with the help of using more experimental data in this regard. Under argon gas shielding the invisibility of arc at pulse off period due to low speed photography at an interval of 0.33 s did not ensure capturing the video graph in pulse off period and subsequent measurement of arc characteristics. This aspect should be studied further in detail at higher speed video-graphy, which unfortunately could be carried out in this phase of the work due certain unavoidable difficulties of using the high speed camera.
In view of the results depicted in Figs. 5-15 the well known facts of significant role of type of shielding gas on arc characteristics is clearly understood along with some further critical observations at varying f, I m and arc voltage. Such understandings on the effect of type of shielding gas at different P-GMA welding parameters are typically summarized in Fig. 17 . The figures show that at a given arc voltage, I m and f of 24 V, 230 A and 0.10 respectively ( Table 1 ) the use of Arϩ2%CO 2 gas shielding appreciably reduces the D R but enhances the D P and L with respect to that observed under Arϩ18%CO 2 and argon gas shielding, which may lead to an adverse influence on arc stability. However, to have a more clear understanding of all the phenomena regarding the influence of welding parameter on arc characteristics under different gas shielding in P-GMAW process as stated above should be studied further in detail at higher speed of video-graphy with better resolution and clarity.
Stability in Arc Shielding
The stability in shielding of arc environment in gas metal arc welding process may be primarily considered by uninterrupted arc profile, which commonly appears as bright plasma flow around the arc. The interruption of arc profile and shielding in P-GMAW process at an appropriate gas flow rate largely depends upon degree of fluctuation in arc pressure at different arc stiffness and arc length. The arc length and stiffness primarily varies as a function of f, I m and arc voltage [11] [12] [13] 21) whereas the degree of fluctuation of arc pressure significantly depends upon the ratio of (I b /I p ) as observed earlier. 11, 12) The fluctuation in arcing due to large variation of I b and I p causing low I b /I p ratio may create instability in shielding gas jacket resulting into formation of vortex at the boundary of arc profile. 11, 12) However, the nature of instability of gas jacket leading to penetration of the vortex in arc environment may also depend upon type of gas shielding. Primarily in order to control porosity content of weld resulting out of air aspiration in unstable shielding jacket, all such criteria with respect to the effect of pulse parameters and type of gas shielding have been discussed below.
Under Arϩ2%CO 2 Gas Shielding
At a given I m and arc voltage of 160Ϯ2 and 24Ϯ1 V respectively during pulse on period under Arϩ2%CO 2 gas shielding a considerable disturbance on shielding environment leading to distortion in plasma flow around arc from its vertical central axis has been observed at a f of 0.07 as shown in Fig. 5(a) . However, the distortion of plasma around the arc has found to be reduced significantly resulting in establishing the natural bell shape arc with the increase of f to 0.23 as shown in Fig. 5(c) . This is in agreement to an earlier observation on aluminium alloy.
11) But, in contrast to the observation 12) on stainless steel at relatively lower f of the order of 0.06 a comparatively better arc profile with insignificant distortion of plasma around the arc appears to exist at a relatively higher f of the order of 0.23 in case of mild steel. Although, at the same order of arc voltage of 24Ϯ1 V such nature of disturbance in arc profile with the increase of f from 0.07 to 0.23 is also marked at a relatively higher I m of 230Ϯ2 A, but its intensity has been found practically insignificant as shown in Figs. 5(g) and 5(i), which is also in the line of earlier observation on aluminium alloy as stated above.
11) However, at relatively softer arc at the pulse off period of comparatively higher I m of 230Ϯ2 A (Fig. 7) the disturbance in arc profile has been found comparatively more than that of the pulse on time (Figs. 5(g)-5(i) ). In this context here it may further be noted ( Table 1 ) that the increase of f enhances the ratio of (I b /I p ) but increases the arc stiffness as a function of its pressure, 12, 21) when both of them favours the adverse influence of fluctuation of arc pressure on stability in arc environment under the pulsed current. Thus, it can be inferred that at any level of I m the variation in f, (I b /I p ) and arc voltage significantly influences the stability of arc environment when their high values are beneficial to maintain a stable arc environment in P-GMAW process. (Table 1 ). It is found that a low arc voltage of about 24 V creates instability in shielding jacket due to relatively low arc pressure. 21) However, during pulse off period (Fig. 13 ) the disturbance in arc profile has been found comparatively more than that of the pulse on time. Thus, it may be inferred that a higher combination of f, I m and arc voltage of 0.35, 229Ϯ2 A and 33 V respectively are beneficial to maintain a relatively stable arc under Arϩ18%CO 2 gas shielding which is similar to that observed in case of Arϩ2%CO 2 gas shielding with respect to the f and I m .
Under Argon Gas Shielding
In the line of earlier observations of Arϩ2%CO 2 gas shielding, here also at a given I m and arc voltage of 159Ϯ 1 A and 24Ϯ1 V respectively a considerable disturbance on shielding environment leading to distortion in plasma flow around arc from its vertical central axis has been observed at a f of 0.07 as shown in Fig. 14(a) . However, the distortion of plasma around the arc has found to be reduced significantly resulting in establishing the natural bell shape arc with the increase of f to 0.23 as shown in Fig. 14(c) but, its intensity has been found to vary. In the similar fashion as it is discussed above in case of the Arϩ2%CO 2 gas shielding here also at a given arc voltage of 24ϩ1 V the intensity of disturbance in arc profile with the increase of f from 0.07 to 0.23 at a relatively higher I m of 231Ϯ2 A has been found practically insignificant as shown in Figs. 14(g) and 14(i). In this context here it may also be noted (Table 1 ) that the increase of f enhances the ratio of (I b /I p ).
The logical understandings derived from the regression analyses of the physical characteristics of P-GMAW at different pulse parameters may help to critically control the process in welding of mild steel. This is corroborating some earlier reported works 5, 8, 11) where it is proposed that a comparatively higher f and I m can be satisfactorily used in joining of mild steel.
Conclusions
The study reveals physical realisation of basic understanding of the effect of f on arc characteristics of P-GMAW at various pulse parameters including the arc voltage under shielding environment of different gases during bead on plate weld deposition of mild steel. The observations on various critical aspects of P-GMAW process may be primarily concluded as follows.
(1) The hypothetical factor f defined as a summarised influence of pulse parameters may act as a key function to control the behaviour of arc in P-GMAW process.
(2) Under Arϩ2%CO 2 and argon gas shielding at a given arc voltage the increase of f from 0.07 to 0. 
The factor f appears to influences the arc characteristics at different rate at its relatively lower and higher range in reference to a critical value of about 0.1 to govern the D R , D P and L.
(4) At any shielding gas of argon and its mixture with CO 2 a high value of f and (I b /I p ) is beneficial to maintain a stable arc in P-GMAW process.
(5) The use of Arϩ2%CO 2 gas shielding appreciably reduces the D R but enhances the D P and L with respect to that observed under Arϩ18%CO 2 and argon gas shielding.
